Abstract Peat classification methods for engineering purposes and the main factors and aspects of these classification systems are discussed. Among the factors that enter into the classification of tropical lowland peats are the organic content and degree or level of humification (on the von Post scale). The organic content as a percentage of the total content determines whether an organic soil is classified as a slightly organic soil (3-20 % organic content), an organic soil (20-75 % organic content), or a peat (more than 75 % organic content). The ASTM standard method of classifying peat is outlined in the Standard Classification of Peat Samples by Laboratory Testing (ASTM D 4427), which includes the use of the ASTM D 5715 (fiber content by field testing for degree of humification) field test method. The von Post humification test (von Post classification system) involves squeezing the peat and the material that is extruded between the fingers, examining the material, and classifying the soil as belonging to one of ten (H1-H10) humification or decomposition categories. Peats are then further subdivided into fibric or fibrous peats (humification range of H1-H3), hemic or moderately decomposed peats (H4-H6), or sapric or amorphous peats (H7-H10). The classification of organic soil or peat for engineering purposes mainly involves using the ignition test (ASTM D 2974) to determine the organic content or determining the percentage of organic content lost on ignition.
Introduction
Peat classification methods for engineering purposes (such as peat-cement stabilization for ground improvement) and the main factors and aspects of these classification systems are discussed and reviewed, including such aspects as the organic content of peat and the degree of peat humification.
Definition of peat (general)
Understanding the formation of peat swamps requires an understanding of how organic deposits are formed and the conditions that lead to their development. Organic materials are formed by biochemical processes, whereas the process of organic material accumulation is mainly a direct function of environmental conditions, the climate, and the ecosystems (peat swamps, bogs or mires) in which the peat is formed. Organic materials only accumulate to form peat under certain conditions. It is essential that the production of biomass (organic materials) is greater than its chemical breakdown to form peat (Andriesse 1988) .
Peats are generally considered to be partly decomposed biomass (vegetation) . They exhibit a wide range of degrees of decomposition (Kurbatov 1968 ). Andriesse briefly summarizes the formation of peat as follows: ''The formation of peat is a relatively short biochemical process carried on under the influence of aerobic micro-organisms in the surface layers of the deposits during periods of low subsoil water (Andriesse 1974) . As the peat which is formed in the peat-producing layer becomes subjected to anaerobic conditions in the deeper layers of the deposit, it is preserved and shows comparatively little change with time.'' According to this theory, whether aerobic or anaerobic conditions are present determines whether biomass will accumulate and in what form. A distinction is made between forest peat, which is more aerated and therefore more decomposed, and peats formed under swampy conditions under strongly anaerobic conditions. In forest peat, lignin and carbohydrates appear to be completely decomposed, so forest peat generally has low contents of these organic compounds, whereas under swamp conditions, peats are characterized by high contents of cutin and the presence of a considerable amount of unaltered lignin and cellulose (Table 1) (Andriesse 1988; Kurbatov 1968 ).
Anaerobic swampy conditions, which prevent the microbiological activity needed for the chemical breakdown of organic materials, are generally assumed to be largely responsible for the accumulation of partly decomposed biomass/organic matter in the form of peat. Anaerobic conditions are created by a specific hydrotopography, be it marsh, swamp, bog, or mire. The properties of such hydrotopographic units depend on many environmental factors, including climate, landform, local geology, and hydrology (Andriesse 1974) .
The definition of peat also implies the net accumulation of 100 % pure organic matter, and the difference between soil and organic or vegetative accumulation varies (Murtedza et al. 2002; Andriesse 1974) , most likely due to varying definitions in the different academic fields associated with the practical study of peat and its properties (agriculture, botany, geology, and engineering, for instance). ''Peat'' has been described as ''organic soil'' and as a histosol. Peat is described as organic soil on the basis of mass composition (Murtedza et al. 2002) , i.e., soils that contain at least 65 % organic matter or, conversely, less than 35 % mineral content. The Soil Division of Sarawak (Malaysia) has adopted a definition for organic soil that is based on a profile partition, i.e., a soil that has 50 cm or more organic soil matter within a profile of 100 cm or a soil that has an organic matter content more than twice that of its mineral content overlying bedrock within 50 cm (Kurbatov 1968; Teng 1996) .
The United States Department of Agriculture (USDA) defines soils as organic (or histosols) if more than half of the upper 80 cm of the soil is organic or if organic soil material of any thickness rests on rock or on fragmented material having interstices filled with organic materials (Murtedza et al. 2002) .
Peats, as we now know, are formed by limited decomposition and hence the accumulation of organic soil materials, which can consist of undecomposed, partially decomposed, and highly decomposed plant remains. Tropical lowland peats usually contain undecomposed and partly decomposed branches, logs, and twigs (Fig. 1) .
Tropical lowland peat forms a fragile ecosystem because of its domed shape and because it is almost purely organic (Muttalib et al. 1991; Paramananthan 1998) . Tropical lowland soils have an isohyperthermic or warmer soil temperature regime (with a mean annual soil temperature of more than 22°C and a monthly variation of less than 5°C) and a common elevation of less than 750 m or 2,500 ft above sea level (Paramananthan 1998 ). According to Paramananthan, lowland organic soils are soils in which the thickness of organic soil layers makes up more than half the soil to a depth of 100 cm, or less if rocks or parent materials are present at less than 100 cm (Paramananthan 1998) . Lowland organic soils are subdivided based on the thickness of the organic soil layer. Lowland organic soils (including peat) or histosol soils are subdivided into ombrogambists or deep organic soils (more than 150 cm thick) and topogambists or moderately deep and shallow organic soils (50-150 cm thick).
Definition of peat (engineering)
Peat deposits or paludal deposits are superficial deposits or soils with high organic matter content, usually occurring as integral parts of wetland systems, where they form extremely soft, wet, unconsolidated superficial deposits. Paludal deposits sometimes occur as underlying strata or layers under other superficial deposits. Huat describes peats as naturally occurring highly organic substances that are derived primarily from plant materials and are formed when the accumulation of plant organic matter occurs more quickly than it humifies, usually when organic matter is preserved below high water tables, as in swamps or wetlands (Huat 2004) . Depending on the purpose of the classification, the cut-off value of the percentage of organic matter for classifying a superficial deposit or soil as peat, and for differentiating peats from soils with lesser amounts of organic content, varies throughout the world (Paramananthan 2010).
In general, soils with organic contents higher than 20 % are termed organic soils. The definition of peat varies between the fields of soil science and engineering. In soil science, peats are defined as soils with organic contents greater than 35 %, whereas in geotechnical engineering, all soils with organic contents greater than 20 % are considered organic soils. In geotechnical engineering, organic soils with organic contents greater than 75 % are known as ''peats'' (Huat 2004; Paramananthan 2010) . These variations in definition are due to the mechanical properties of the soil, which change when the organic content of the soil is greater than 20 %. The classifications of peat according to ASTM D4427-92 and according to Jarrett, based on laboratory testing, are shown in Tables 2 and 3 (ASTM D4427 1992; Jarrett 1995; Huat 2004) .
According to the Malaysian Soil Classification System for Engineering Purposes and Field Identification, adapted from the Guideline for Engineering Geological Investigation in Peat and Soft Soils (Engineering Geology Working Group 2007), soils that have organic contents from 3 to 20 % are classified as slightly organic soils, soils with organic contents in the range of 20-75 % are classified as organic soils, and soils with organic contents greater than 75 % are classified as peats (Table 4) .
Classification of peat (engineering)
According to the Alaska Guide for Description and Classification of Peat and Organic Soils (Alaska Department of Transportation and Public Facilities 2007), peat is a naturally occurring, highly organic substance composed primarily of vegetable matter in various stages of decomposition. It is fibrous to amorphous in texture, is usually dark brown to black, and has an organic odor. The ash content of peat is \25 % when tested in accordance with ASTM D2974 (2007). The classification of peat and organic soils requires special attention beyond that needed to classify other soils. Several existing classification schemes exist for peat and organic soils, but there is no single system that allows the classification of any soil that contains any amount of organic material. Some of the peat classification systems rely on biological descriptions of the plant constituents. However, engineers and geologists tend to rely on methods that use numerical values as part of the (ASTM D4427 1992) . This classification method makes use of the results of the ASTM (2000) D5715 field test method (fiber content by field testing for degree of humification). The humification test (von Post's classification system) was developed in the early 1920s in Sweden and is related to the fiber content of the peat. This simple field classification test consists of taking a sample of peat and squeezing it in the hand ( Table 5 ). The material that is Sapric or amorphous peats 1. When describing soils, the name of the soil group should always be given, supplemented if required by the group symbol, although for some additional applications (e.g., longitudinal applications), it may be convenient to use the group symbol alone 2. Where appropriate, gravel and sand may qualify as sandy gravel and gravelly sand 3. If laboratory methods have not been used for identification, the group symbol or subgroup symbol should be placed in parentheses, e.g., (GC) 4. When it is not possible or not required to distinguish between silt, M or clay, C, the designation ''fine soil'' or ''fines,'' F, may be used 5. If more than 50 % of coarse material is of gravel size, the term ''gravelly'' is used. The descriptive term ''sandy'' is used if more than 50 % of the coarse material is sand-sized 6. A material that passes below the A-line on the Casagrande plasticity chart, has a restricted plastic range in relation to its liquid limit, and has a low cohesion, is termed a ''silt,'' M. Slightly organic soils also usually plot below the A-line on the plasticity chart and are termed ''slightly organic silts,'' Mo 7. Materials that pass above the A-line on the plasticity chart, and are fully plastic in relation to their liquid limits, are classified as ''clay,'' C extruded between the fingers is examined, and the soil is classified as belonging to one of ten (H1-H10) humification or decomposition categories (Andriesse 1974 ; Engineering Geology Working Group 2007; Alaska Department of Transportation and Public Facilities 2007). The organic fiber content (or the fabric of organic soil) is usually determined from the dry weight of fibers retained on the 150-micron openings of the #100 mesh sieve ([0.15 mm opening size), expressed as a percentage of the oven-dried mass. The fibers may be fine (woody or nonwoody) or coarse (woody) and are defined as [0.15 mm in diameter (Paramananthan 2010) . The von Post scale is a useful means of classifying peat based on the fiber content of peat and its related degree of humification or decomposition (Table 5 ). The von Post peat soil classification system and qualifying terms and symbols, with descriptions, are presented in Table 6 (Huat 2004) . The USDA classification system is based on the fiber content as a result of humification, as described in Table 7 (Paramananthan  2010) .
Peat may be further classified into one of three types based on the degree of humification/decomposition (ASTM D5715 2000) or the fiber content of the soil ( (Jarrett 1995; Huat 2004; Paramananthan 2010) includes organic content and degree of humification as factors considered in the classification of peat. Soils that have organic contents from 3 to 20 % are considered slightly organic soils, soils with organic contents in the range of 20-75 % are classified as organic soils, and soils with organic contents greater than 75 % are classified as peats. Fibric or fibrous peats (Ptf) are in the humification range of H1-H3. Hemic or moderately decomposed peats (Pth) are in the humification range of H4-H6. Sapric or amorphous peats are in the humification range of H7-H10 (Table 4) Organic soil contains enough organic matter to significantly affect its characteristics. The most common current practice for laboratory classification of organic soil is to use the ignition test for the determination of organic content (ASTM D2974 2007). When used in conjunction with the Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification System) (ASTM D2487 2010), the ignition test provides a quick and inexpensive means of determining the organic content of a soil and is usually the only laboratory test needed for the classification of organic soil (Engineering Geology Working Group 2007). 
